ABSTRACT Large White turkey breeder hens were used to evaluate the effect of three different levels of physical feed restriction on subsequent reproductive performance. The feed treatments were: 1) fed ad libitum throughout the study (CC), 2) feed-restricted from 16 to 24 wk (CR), 3) feed-restricted from 3 to 16 wk (RC), and 4) feed-restricted from 3 to 24 wk (RR). Feed restriction was implemented so that restricted-fed hens (RC and RR) achieved a 45% reduction in BW as compared to CC hens at 16 wk. From 16 to 24 wk, feed was allotted to RR and CR hens to maintain a slight increase in BW. At the completion of the respective restriction periods, hens were gradually returned to ad libitum feeding. At 30 wk
INTRODUCTION
The results obtained with broiler breeder feed restriction programs have stimulated interest in using this management practice for turkey breeder candidates (Krueger et al., 1978; Krueger, 1987) . Scott and Payne (1942) reported that eggs from free-ranging breeding flocks exhibited superior hatchability in comparison to eggs laid by breeders confined to small pens. This difference was attributed to increased activity and lower BW or acquisition of essential nutrients by the range hens. With the shift in selection emphasis for increased female line hen BW, the turkey industry has expressed interests in using BW restriction in turkey breeder hens to circumvent the negative effects on reproductive efficiency that are correlated with increased hen BW (Krueger et al., 1978; Krueger, 1987) . The use of trade names in this publication does not imply endorsement by the North Carolina Research Service or the North Carolina Cooperative Extension Service of the products mentioned nor criticism of similar ones not mentioned. 2 To whom correspondence should be addressed: Jesse_Grimes@ ncsu.edu.
16
of age, hens were photostimulated for a 20-wk summer season egg production cycle. Hens receiving RC and RR treatments laid significantly more eggs than did CC and CR hens for the first 5 wk of lay. However, once the house temperature increased to 26.7 to 29.4 C during 6 to 10 wk of lay, egg production of all hens decreased, resulting in a significant decrease in cumulative egg production for RR and RC hens compared to CC and CR hens. Egg and poult weights were less for RC and RR hens compared to those from CC and CR hens. In conclusion, age of breeder, season of implementation, and length of physical feed restriction have significant effects on the reproductive performance of turkey breeder hens.
Various techniques have been utilized in an effort to control BW, with physical feed restriction having received the most attention. However, the majority of the evidence collected for turkey breeder hens is at best confusing and inconclusive. However, a few studies report a beneficial effect on reproductive performance (Balloun, 1974; McCartney et al., 1977; Miles and Leeson, 1990; Hocking, 1992; Renema et al., 1995) . Nonetheless, most researchers working in this area have reported no favorable results with feed restriction. Feed restriction in the past has also resulted in very little benefit with regard to fertility and hatchability. However, Hocking (1992) reported an exception with hatchability. Data regarding egg weight appear to be more variable. Although most researchers have reported no effect on egg weight when implementing a feed-restriction program, some have indicated that there are increases in egg weight when using such programs (Mitchell et al., 1962; Borron et al., 1974; Potter et al., 1978) . However, Touchburn et al. (1968) , Jones et al. (1976), and Hocking (1992) reported a decrease in egg weight with use of a feed-restriction program.
Abbreviation Key: CC = hens fed ad libitum throughout the study; CR = hens feed-restricted from 16 to 24 wk; RC = hens feed-restricted from 3 to 16 wk; RR = hens feed-restricted from 3 to 24 wk; W1 = embryonic death at Days 3 to 7 of incubation. FIGURE 1. Weekly settable hen-housed egg production (%) and mean house high temperature (within the house for each week) or Large White turkey hens fed ad libitum or feed-resricted. CC = fed ad libitum; CR = feed-restricted from 16 to 24 wk of age; RC = feed-restricted from 3 to 16 wk of age; RR = feed-restricted from 3 to 24 wk of age.
The objective of this study was to determine the effects of length and timing of quantitative feed restriction on subsequent reproductive performance in turkey breeder hens.
MATERIALS AND METHODS
In August, 722 1-d-old Nicholas turkey breeder hen poults were wing-banded, placed, and brooded following standard commercial practices with feed and water provided ad libitum through 3 wk. At 3 wk, the number of birds was randomly reduced to 576 and randomly assigned to 48 pens. Feed program treatments were as follows: 1) fed ad libitum throughout the study (CC), 2) feed-restricted from 16 to 24 wk (CR), 3) feed-restricted from 3 to 16 wk (RC), and 4) feed-restricted from 3 to 24 wk (RR). The goal was to attain a 45% BW reduction at 16 wk for hens in treatments RC and RR, whereas treatment RR hens were continued on a restriction program until 24 wk with only minimal weight gains. Hens in treatment CC also achieved only minimal weight gains during feed restriction. During feed restriction, poults were fed using skip-a-day procedures (feeding 2 d worth of feed on 1 d). At 16, 24, 30, 39 , and 54 wk of age, one bird per pen was randomly selected for carcass and body composition analysis (data not shown).
All birds were weighed individually to the nearest 0.1 kg, always at the same time in the morning. Birds were weighed weekly until 24 wk of age, at which time they were weighed biweekly until peak production (39 wk). From peak production until the end of lay (53 wk), all birds were weighed monthly. Weekly feed consumption was determined on a pen basis. From 3 to 24 wk, BW and feed consumption were used to calculate a feed allotment of each diet for each pen for the following week. Daily feed allotments were weighed into a bucket to the nearest gram and evenly distributed throughout the circumference of one tube feeder, which provided 142 cm of linear feeder space (12 cm per bird). Birds were transitioned from restricted-fed to being fed ad libitum by daily increased feed allotment until the pen no longer consumed the entire allotment of feed by the next morning. All treatments had been returned to ad libitum feeding by 25 wk. Seven different diets were fed (Crouch et al., 2001) .
Hens were subjected to short day length from 18 to 30 wk. During the blackout phase, hens were exposed to a progressively decreasing photoperiod of 8, 7, and 6 h of light per day from 18 to 22 wk, 22 to 26 wk, and 26 to 30 wk, respectively. The hens were photostimulated at 30 wk (April) with 14 h of light per day, which was increased to 15.5 h (0500 to 2030 h) at first egg. At peak lay, hens underwent a form of light phase shifting on a weekly basis. Once per week, lights were turned on 3 h earlier (0200 h) than normal in an attempt to shift oviposition to an earlier portion of the day and to control hen broody behavior. This lighting schedule was maintained until the end of the study (53 wk).
All hens were artificially inseminated with pooled semen from male line Nicholas males. If a hen was not inseminated due to the inability of the inseminator to evert the oviduct, that hen was removed from the study. After 1 wk, if the hen was inseminated, it was returned to its original pen. If not inseminated, the hen was removed from the study. Eggs were collected six times each day and classified as settable, double yolk, misshapen (crowded), cracked, or soft-shelled eggs. Settable eggs were sanitized and stored in an egg cooler at approximately 13 C and 70% RH. During the first 2 wk of production, all eggs were weighed. Thereafter, three eggs per pen were weighed weekly. Eggs were set for incubation, by week, on a biweekly basis. Three additional eggs from each pen were weighed at setting and transfer; subsequent poults were also weighed. Eggs were incubated for 24 d at 37.5 C and 53% RH and then transferred into a hatcher operating at 37.2 C and 65% RH.
All eggs that failed to hatch were broken open and examined macroscopically to determine true fertility and age at embryonic death. Seven different categories, derived from Phillips and Williams (1944) , were used to summarize the breakouts: Days 1 to 2 (early dead), Days 3 to 7 (W1), Days 8 to 14 (W2), Days 15 to 21 (W3), Days 22 to 25 (W4), Day 26 (internal pip), and Day 27 (external pip). At 3, 4, 6, 9, 11, 13 and 20 wk of lay, three eggs from each pen were collected to determine percentage shell and shell thickness (with membrane).
Statistical Analysis
There were four treatments with 12 replicate pens per treatment. All data were analyzed using regression analysis of SAS software (SAS Institute, 1992). The variation among pens was used as the error term. Percentage data Means within each row with different superscripts are significantly different (P ≤ 0.05).
1 CC = fed ad libitum; CR = feed-restricted from 16 to 24 wk of age; RC = feed-restricted from 3 to 16 wk of age; RR = feed-restricted from 3 to 24 wk of age.
2
Total hen housed egg production (%).
3 Settable hen housed egg production (%). were divided by 100 and then subjected to arc sine transformation of the square root before analysis; however, actual percentage means are presented. Differences among treatment means were considered significant at P ≤ 0.05 using the least-square means procedure of SAS software (SAS Institute, 1992) .
RESULTS
Hen-housed settable egg production (%) for the 20-wk lay cycle is presented in Table 1 and Figure 1 . Hens receiving treatments RC and RR had significantly higher peak egg production than hens on treatments CC and CR (CC, 72.4%; CR, 70.7%; RC, 76.9%; and RR, 77.0%). Hens on the RC and RR feed programs came into egg production while at a higher rate of BW gain than hens on the CC or CR treatments. From 9 wk of lay until the end of the lay period (20 wk of lay), hen-housed production (%) for hens receiving treatments CC and CR was significantly higher than for hens on treatments RC and RR. By the end of lay, hen-housed settable egg productions for treatments CC, CR, RC, and RR were 20.4, 18.2, 9.8, and 13.3%, respectively. For the entire egg production period, hens on treatments CC and CR had higher total and settable egg production than hens on treatments RC and RR (Tables 1 and 2).
Cumulative egg production by period is presented in Table 2 . Hens fed the RC treatment produced significantly Means within each row with different superscripts are significantly different (P ≤ 0.05).
1 CC = fed ad libitum; CR = feed-restricted from 16 to 24 wk of age; RC = feed-restricted from 3 to 16 wk of age; RR = feed-restricted from 3 to 24 wk of age. more eggs from 1 to 5 wk of lay than did control-fed hens. Hens on treatments CC, CR, RC, and RR produced 19.4, 19.2, 21.0, and 20.8 eggs per hen, respectively. However, this effect was reversed for each of the following three periods in that RR hens produced less eggs than hens of the other treatments. Lower production was also the case for cumulative egg production for 20 wk of lay; hens on treatments CC and CR laid more eggs per hen than did hens on treatments RC and RR; 56.8 and 56.6 vs. 45.4 and 48.7, respectively (Table 2) . Cumulative mean hatches for hens on treatments CC, CR, RC, and RR were 74.4, 75.3, 71.7, and 71.8%, respectively, with no differences among treatments (Table 3) .
For the entire lay period, cracked and soft-shelled egg production (%) was greater for RC hens (Table 1) . There was no effect of treatment on percentage of double yolk, crowded, or floor egg production (Table 1 ). There were also no significant differences for fertility among treatments (Table 3) . Cumulative mean hatch of fertile eggs was significantly greater in treatments CC and CR than in treatments RC and RR (Table 3 ). There was no interaction between egg storage and treatments for hatch of total or fertile eggs.
Treatment RC hens had significantly higher levels of W1 embryonic mortality compared to other treatments (Table 4) . Eggs produced by RC hens had a mean W1 embryonic mortality of 3.90%, whereas eggs from hens on treatments CC, CR, and RR had 1.74, 1.88, and 2.29% Means within each row with different superscripts are significantly different (P ≤ 0.05).
W1 embryonic mortality, respectively. Percentage eggs cracked in the incubator was also significantly higher for eggs from treatment RC hens (1.73%) compared to eggs from hens on treatments CC, CR, and RR at 0.18, 0.31, and 0.14%, respectively (Table 4) . Hens on RC and RR treatments hens produced intermittently significantly lighter eggs (Figure 2 ) and poults ( Figure 3 ) than CC and CR treatment hens. There were no differences in poults per hen or feed per egg or poult (Table 3) . Hens on treatments CC, CR, RC, and RR consumed 2.11, 1.97, 2.37, and 2.06 kg feed per hen, respectively, for each poult hatched. There were no differences in relative shell weight (%) or shell thickness (mm) among treatments (Table 3) .
DISCUSSION
The results of this study agree, in part, with other reports. Hocking (1992) compared the response of a medium-sized turkey line that was photostimulated at 18, 24, or 30 wk and fed ad libitum or feed-restricted until lay. The rate of production of eggs with normal shells was higher in turkeys that were photostimulated at older ages and in feed-restricted birds compared with those Means within each row with different superscripts are significantly different (P ≤ 0.05).
1 CC = fed ad libitum; CR = feed-restricted from 16 to 24 wk of age; RC = feed-restricted from 3 to 16 wk of age; RR = feed-restricted from 3 to 24 wk of age. fed ad libitum, which resulted in 95.3 and 86.3 settable eggs per bird for feed-restricted and ad libitum fed hens, respectively. Renema et al. (1995) looked at the effect of BW restriction from 4 to 28 wk on grandparent stock. They reported no significant differences in hen-housed egg production, based on settable egg production. However, restricted hens exhibited significantly improved egg-laying characteristics such as increased egg-laying sequences and decreased egg-laying pause length. Egg numbers were 48.6, 52.8, and 55.4 for the control, 10% restriction treatment, and 20% restriction treatment, respectively. Klein-Hessling (1994) reported that restricting BW of turkey hens by 45% of a control treatment at 16 wk improved reproduction. The 45% restriction treatment produced significantly (P ≤ 0.01) more eggs per hen than those fed ad libitum (92.4 vs. 84.2 eggs per hen).
More recently, Crouch et al. (1999) reported that feedrestricted hens entered lay with a higher rate of BW gain that was associated with a increased peak production. Moran (1987) concluded that the diet and BW gain of hens going into lay is very important, indicating that protein consumed by the hen going into production is oriented to yolk and albumen formation. This increased FIGURE 2. Egg weight for Large White turkey hens fed ad libitum or feed-resricted. CC = fed ad libitum; CR = feed-restricted from 16 to 24 wk of age; RC = feed-restricted from 3 to 16 wk of age; RR = feedrestricted from 3 to 24 wk of age.
Means within week with different letters are significantly different (P ≤ 0.05).
consumption in protein leading into production is evident in the current study. Feed-restricted hens, at a lower BW, consumed significantly more feed for the period prior to photostimulation (24 to 30 wk) than did heavier hens fed ad libitum. Therefore, on a per kilogram BW basis, restricted-fed hens consumed more protein than hens fed ad libitum going into egg production. However, whereas Crouch et al. (1999) reported that feed-restricted hens persisted in lay equally as well as hens fed ad libitum, improved hen-housed production for hens that were feed-restricted during the rearing period (RC and RR) in the current study did not persist over that of hens fed ad libitum during the rearing periods (CC and CR treatments).
One major difference in the study by Crouch et al. (1999) and the current study is that hens in the current study were photostimulated for a summer season lay period, whereas in the study reported by Crouch et al. (1999) the hens were photostimulated for a winter lay period. In the current study, after 3 wk of lay, all hens experienced a sharp decrease in egg production. This decrese was associated with a sharp increase in weekly house mean high temperature (Figure 1 ), which increased from 21.1C during Week 1 of lay to over 26.7 C by 4 wk of lay. This increase in temperature was at a very critical time during peak and postpeak egg production. In addition, the mean high house temperature continued to increase to 31.1 to 32.2 C for the duration of the lay period. Although all hens declined in egg production, hens on treatments RC and RR were the most affected.
Other researchers evaluating feed restriction and its subsequent effect on reproductive performance have reported no improvement in egg production, which includes reports by Mitchell et al. (1962) , Anderson et al. (1963) , Touchburn et al. (1968) , Potter and Leighton (1973) , Voitle et al. (1973 ), Balloun (1974 , Cherms et al. (1976) , Potter et al. (1978) , Owings and Sell (1980) , Nestor et al. (1981), and Felts et al. (1993) . Although no form of physical feed restriction was applied in a study by Jones et al. (1976) , they determined that hens of intermediate weight performed better than those hens weighing less or more. However, many of these studies, whether they indicate positive, negative, or no effects, do not relate production or feed-restriction periods to the season of year or environmental conditions. In addition, most of the reports come before the increased emphasis was placed on growth in female line turkey breeder hens as described by Krueger (1987) . Yu et al. (1992) reported that the incidence of erratic ovipositions and production of soft-shelled and shell-less eggs was highest during the early phase of egg production in broiler breeders. However, once hens were beyond the initial stage of egg production, the number of soft-shelled eggs and shell-less eggs declined regardless of whether hens were restricted-fed or ad libitum fed, which suggests that a potential area to improve settable egg production is around the time of initial egg production and peak lay. Klein-Hessling (1994) reported that hens fed ad libitum laid eggs with significantly lower specific gravity compared to restricted-fed hens. Because egg weights were not different among treatments, it was concluded that eggs from hens fed ad libitum had thinner shells or had more pores per unit of surface area relative to the same surface area. In contrast, in the present study there were no differences in unsettable egg production during peak or early lay among treatments. However, after 10 wk of lay, well past peak performance, hens that were subjected to physical feed restriction during the early rearing period (RC and RR hens) began to produce more cracked, softshelled, and crowded eggs. Egg quality decreases as the hens age and is especially pronounced in the extreme heat of summer. From the results of this study, heat effects were pronounced in breeder hens that were fee-restricted early in rearing. The observation in this study that feed restriction did not have an effect on hatch of total eggs set or fertility but resulted in decrease in hatch of fertile eggs is in agreement with the variation of numerous other studies. No effects on hatching and fertility were reported by Mitchell et al. (1962) , Potter and Leighton (1973) , Balloun (1974) , Jones et al. (1976) , Krueger et al. (1978) , Potter et al. (1978) , Nestor et al. (1981) , Ferket and Moran (1986) , Miles and Leeson (1990), or Felts et al. (1993) . Whereas Owings and Sell (1980) and Anderson et al. (1963) reported higher hatchability for eggs laid by restrictedfed hens.
However, Touchburn et al. (1968) reported a decrease in hatchability of eggs laid by restricted hens. With most studies using feed restriction, subsequent effects on egg weight were not significant (Borron et al., 1974; Jones et al., 1976; Krueger et al., 1978; Potter et al., 1978; Nestor et al., 1981; Ferket and Moran, 1986; Miles and Leeson, 1990; Felts et al., 1993; Klein-Hessling, 1994; Crouch et al., 1999) . In contrast to these reports, however, egg weights from restricted hens in this study are in agreement with the data of Touchburn et al. (1968) and Hocking (1992a) . Even though eggs from all treatments reached an average of 80 g per egg at the same time, once house temperature increased and production decreased, egg weights significantly decreased for RC and RR hens compared to eggs weights from CC and CR hens. Meyer et al. (1980) studied the effect of qualitative protein restriction by using diets containing 10, 12, 14, and 17% protein from 12 to 32 wk of age. It was reported that egg weight, specific gravity, and eggshell thickness were not significantly different among treatments. Crouch et al. (2001) reported that when hens were restricted-fed, feed was saved. However, when calculated as kilograms feed consumed per hen per egg or per poult, there were no differences among treatments. The savings in feed within restricted hens somewhat offset the loss in egg production. Treatments CC, CR, RC, and RR consumed 2.11, 1.97, 2.37, and 2.06 kg feed/hen, respectively, for each poult hatched.
In conclusion, feed restriction may be justified as a means of controlling BW and improving subsequent reproduction under some conditions. Hens that had BW restricted during rearing exhibited increased BW gain and feed consumption 5 to 6 wk prior to the onset of production and entered the production period in a more productive manner similar to hens in previous studies. However, timing and season of restriction appear to have significant effect on subsequent reproductive performance. Egg production of breeder hens restricted early in rearing (3 to 16 wk) persisted throughout lay when photostimulated for a winter lay season. When this same type of feed restriction was applied to hens photostimualted for a summer season, however, hens did not perform as well as hens fed ad libitum. In addition, continuing feed restriction of breeder hen candidates late into the rearing period does not appear to be a viable management tool under the conditions of this study. Therefore, it might be concluded that when hens are reared to lay in the summer season, some form of body reserves must be met early in rearing and that severe feed restriction during this time may be detrimental.
